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Compressor and Method for Lubricating a Compressor 



Technical Field 

The present invention relates to a compressor that is ideal for a vehicle air- 
conditioning system, and more specifically to a lubrication technique that guides 
lubricating oil to lubrication target areas, such as the bearing of a drive shaft and the 
sliding surface between a piston and a cylinder bore. 

Background Art 

A compressor that guides lubricating oil to the bearing of a drive shaft is disclosed, 
for example, in Japanese Laid-Open Patent Publication No. 7-27047. The compressor 
described in this publication is a swash plate compressor, in which a refrigerant gas that 
is discharged into a discharge chamber is guided to an oil separator provided in a cylinder 
block, thereby separating the lubricating oil from the refrigerant gas, and then the 
separated lubricating oil is guided to the bearing of a drive shaft via an oil supply hole 
provided in the cylinder block for lubrication. 

The compressor configured as described above guides the oil separated from the 
discharged refrigerant to the bearing for lubrication, using the pressure difference 
between the oil separation chamber, which is at a higher pressure, and a drive chamber, 
which is at a lower pressure, and then returns the oil to the drive chamber. Consequently, 
if the diameter of the lubricating oil supply hole formed in the cylinder block is too large, 
leakage of the discharged refrigerant causes a degradation in performance, and leakage of 
a large amount of high-temperature lubricating oil heats the refrigerant that has been 
drawn in, thereby causing performance degradation. On the other hand, if the oil supply 
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hole is too small, foreign substances, such as sludge (oil sludge), tend to clog the oil 
supply hole, and manufacturing such a small hole is also difficult. 

Especially when a compressor uses carbon dioxide (C0 2 ) as the refrigerant, the 
operation pressure difference (the difference between a discharge pressure and a suction 
pressure) is large (5 MPa or greater) and therefore, said conflicting requirements become 
more difficult to satisfy. 

The present invention has been developed in view of said existing problems, and 
its objectives are to prevent the clogging of the oil supply hole by foreign substances, 
such as sludge, and to avoid performance degradation caused by leakage of the 
discharged refrigerant. 

Disclosure of the Invention 

In order to achieve the aforementioned objectives, a compressor relating to the 
present invention has a lubricating oil transport area that alternately communicates with 
an oil supply area and a lubrication target area, and the lubricating oil transport area can 
transport the lubricating oil from the oil supply area to the lubrication target area. In 
other words, the lubricating oil can be transported without directly connecting the oil 
supply area to the lubrication target area. Therefore, by making the hole diameter of the 
lubricating oil transport area sufficiently large, clogging by foreign substances can be 
prevented, and at the same time, performance degradation due to leakage of discharged 
refrigerant can be prevented by reducing leakage of the discharged refrigerant. 

Note that in this case, the lubricating oil to be guided to the lubrication target area 
should preferably be a lubricating oil that has been separated from the discharged 
refrigerant by an oil separator, and should preferably be guided based on the pressure 



2 



difference between a discharge side and a suction side of the compressor. Such a 
configuration is especially effective when applied to a compressor that uses carbon 
dioxide as the refrigerant. 

If the lubricating oil transport area comprises a groove defined on the external 
surface of a rotating member, every time the rotating member rotates once, the groove 
defined on the external surface can receive the lubricating oil flowing from the oil supply 
area, transport it, and discharge the lubricating oil into a discharge hole. Therefore, 
clogging of the oil supply hole can be prevented, and at the same time, performance 
degradation due to leakage of discharged refrigerant can be prevented by reducing 
leakage of the discharged refrigerant. 

In this case, it is preferable to provide the rotating member adjacent to a bearing 
that supports a drive shaft, such that the lubricating oil supplied from the oil supply area 
is guided to the bearing via the gap between the rotating member and a circular hole that 
supports said rotating member. When such a configuration is used, it is possible to adjust 
the volume of lubricating oil to be supplied to the bearing of the drive shaft by means of 
the gap. 

If the lubricating oil transport area comprises a groove formed on the external 
surface of a piston, when the piston reciprocates inside a cylinder bore, the groove can 
discharge the lubricating oil supplied from the oil supply area to the lubrication target 
area by alternately communicating with the oil supply area and the lubrication target area. 
Therefore, clogging of the oil supply area can be prevented, and at the same time, 
performance degradation due to leakage of discharged refrigerant can be prevented by 
reducing leakage of the discharged refrigerant. 
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Brief Explanation of the Drawings 

FIG 1 is a cross-sectional diagram showing a compressor relating to the present 
embodiment. FIG 2 is a magnified cross-sectional diagram taken along line A-A in FIG 
1, showing the state in which the groove for discharging oil communicates with the oil 
supply hole. FIG 3 is a magnified cross-sectional diagram along line A-A in FIG 1, 
showing the state in which the groove for discharging oil communicates with the 
discharge hole. FIG 4 is a cross-sectional diagram showing a compressor relating to 
another embodiment. FIG 5 is a magnified view of Area B in FIG 4, showing the state in 
which the groove for discharging oil communicates with the oil supply hole. FIG 6 is a 
magnified view of Area B in FIG 4, showing the state in which the groove for 
discharging oil communicates with the drive chamber. 

Embodiments of the Invention 

Embodiments of the present invention will be explained below with reference to 
the drawings. The embodiments of the present invention are applied to a swash plate 
compressor, and as shown in FIG 1, a front housing 2 is joined to the front end of a 
cylinder block 1, which comprises part of the external frame of the compressor; a rear 
housing 5, in which a suction chamber 3 and a discharge chamber 4 are defined, is joined 
to the rear end via a valve plate 6. 

A drive shaft 8 that will be connected to a power source is inserted through a 
drive chamber 7 defined inside the front housing 2, and the drive shaft 8 is rotatably 
supported by the cylinder block 1 and the front housing 2 via radial bearings 9 and 10, 
respectively. A swash plate 11 is disposed inside the drive chamber 7 and is secured to 
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the drive shaft 8. Note that the bottom of the drive chamber 7 comprises an oil reservoir 
where the lubricating oil collects, i.e., an oil collection chamber. 

Moreover, the cylinder block 1 has multiple cylinder bores 12 that are bored at 
predetermined intervals in the circumferential direction, and a piston 13 is slidably fitted 
inside each of the cylinder bores 12. The base end of the piston 13 extends into the drive 
chamber 7, and at the same time, is coupled to the swash plate 11 via a shoe 14. 

Therefore, when the drive shaft 8 is rotated, its rotational movement is converted 
into linear reciprocal movements of the piston 13 via the swash plate 11 and the shoe 14. 
Due to the reciprocal movements of the piston 13 inside the cylinder bore 12, the 
refrigerant inside suction chamber 3 is drawn into the cylinder bore 12 via an suction 
valve (omitted from the figure), and is discharged to the discharge chamber 4 via a 
discharge valve 15 after being compressed. The top portion of FIG. 1 shows the piston 
13 at the top dead center (discharge completion position), while bottom portion shows the 
piston 13 at the bottom dead center (suction completion position). 

A circular hole 31, one of whose ends opens to the drive chamber 7, is provided in 
the shaft core area of the cylinder block 1, and the radial bearing 10, which supports the 
drive shaft 8, as well as a rotating member 30, which will be described below, are 
positioned inside the circular hole 31; moreover, a thrust race 16 and a disc spring 17 for 
forwardly urging the rear end of the drive shaft 8 are disposed on the bottom of the hole 
31. The urging force of the disc spring 17 is further supported by a thrust bearing 18, 
which is positioned between the swash plate 11 and the front housing 2. 

A chamber 19 is defined in the center of the cylinder block 1, which faces the 
valve plate 6, and the chamber 19 communicates with the discharge chamber 4 via a first 
discharge channel 20 in approximately the mid-section in the vertical direction, and 
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communicates with a cooling circuit, which is an external circuit, via a second discharge 
channel 21 on the top side. Note that the first discharge channel 20 is bored through a 
fixture 22 used for securing the discharge valve 15 to the valve plate 6. 

A centrifugal separation oil separator 23, which separates the lubricating oil from 
the high-pressure refrigerant gas sent out to the cooling circuit via the chamber 19, is 
disposed inside the chamber 19. The oil separator 23 consists of a base 25, which has a 
separation chamber 24 that is in the shape of a circular hole with a bottom, and a flanged 
gas-guiding tube 26 installed in the base 25 so as to concentrically hang down from the 
upper opening edge of the separation chamber 24; a throughhole 27, which permits the 
separation chamber 24 to communicate with the first discharge channel 20, is provided on 
the side wall of the base 25. The throughhole 27 opens almost tangentially toward the 
inside of the separation chamber 24. 

Therefore, the lubricating oil that is force-fed and guided into the separation 
chamber 24 together with the refrigerant by circling around the gas-guiding tube 26 from 
the first discharge channel 20 via the throughhole 27 collides with the perimeter wall of 
the separation chamber 24 due to centrifugal force, at the same time, is separated from 
the refrigerant and flows down, and collects on the bottom of the chamber 19 by passing 
through a throughhole 28 provided on the bottom wall of the separation chamber 24. 

Further, the discharged refrigerant from which the lubricating oil has been 
separated is sent to the cooling circuit from the gas-guiding tube 26 via the second 
discharge channel 21. 

An oil supply hole 29 for guiding the lubricating oil collected inside the chamber 
19 to the radial bearing 10 of the drive shaft 8 is defined in the cylinder block 1. One end 
of the oil supply hole 29 opens to the bottom of the chamber 19 as an inlet and its other 
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end opens as an outlet 29a to the part of the internal surface of the circular hole 31 that 
faces the external surface of the rotating member 30 (see FIGS. 2 and 3). The oil 
separator 23 and the oil supply hole 29 comprise the oil supply area. 

The rotating member 30 is positioned adjacent to the radial bearing 10, is fitted by 
the width across flats on the rear end of the drive shaft 8 (see FIGS. 2 and 3), and rotates 
together with the drive shaft 8. The rotating member 30 is fitted into the circular hole 31 
formed in the cylinder block 1, with a predetermined gap, and the oil supply hole 29 
communicates with the side surface of the radial bearing 10 via this gap. Therefore, the 
gap is set such that an appropriate amount of lubricating oil for lubricating the radial 
bearing 10 is introduced. 

Furthermore, a single groove (or a concave area) 32 for intermittently transporting 
the lubricating oil supplied via the oil supply hole 29 to the drive chamber 7, which is at a 
lower pressure, is defined on the outside of the rotating member 30, and the groove 32 
comprises the lubricating oil transport area. A discharge hole 33 is defined in the 
cylinder block 1, and one end of the discharge hole 33 opens to the part of the internal 
surface of the circular hole 31 that faces the external surface of the rotating member 30, 
as an inlet 33a, while the other end opens to the drive chamber 7 as an outlet. Note that 
the inlet 33a of the discharge hole 33 is located in the position that is symmetric with the 
outlet 29a of the oil supply hole 29 across the center of the rotating member 30. 
Consequently, every time that the rotating member 30 is rotated once, the groove 32 
alternately communicates with the oil supply hole 29 and the discharge hole 33 one time. 
The drive chamber 7 comprises the lubrication target area. 

The compressor related to the embodiment of the present invention is configured 
as described above. Therefore, when the piston 13, which is coupled to the swash plate 
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11 rotating with the drive shaft 8, reciprocates inside the cylinder bore 12, the 
compression work begins, and the refrigerant gas compressed by the piston 13 pushes 
open the discharge valve 15 and is discharged into the discharge chamber 4, and is then 
guided from the first discharge channel 20 into the chamber 19. Then, the lubricating oil 
contained in the refrigerant gas, which is introduced into the chamber 19, is separated 
from the refrigerant gas by centrifugal force inside the separation chamber 24, flows 
down the wall of the separation chamber 24 due to gravity, and collects via the 
throughhole 28 on the bottom of the chamber 19. 

The lubricating oil collected inside the chamber 19 is supplied from the oil supply 
hole 29 via the gap between the external surface of the rotating member 30 and the 
internal surface of the circular hole 31 to the radial bearing 10 of the drive shaft 8, which 
has a lower pressure than the pressure (discharge pressure) inside the chamber 19, 
thereby lubricating the radial bearing 10. 

Further, the discharged refrigerant, from which the lubricating oil has been 
separated inside- the separation chamber 24, is transported to the cooling circuit from the 
gas-guiding tube 26 via the second discharge channel 21. 

The lubricating oil that has flowed in from the oil supply hole 29 flows into the 
groove 32 on the exterior surface of the rotating member 30 when the rotating member 30 
is rotated together with the drive shaft 8, connecting the groove 32 to the outlet 29a of the 
oil supply hole 29, as shown in FIG 2. Then, as shown in FIG. 3, when the groove 32 
rotates by 180 degrees and connects to the inlet 33a of the discharge hole 33, the 
lubricating oil is discharged into the drive chamber 7, which is at a lower pressure, and is 
collected in the collection chamber on the bottom of the drive chamber 7. 
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That is, whenever the rotating member 30 rotates once, the groove 32 of the 
rotating member 30 receives the lubricating oil inside the oil supply hole 29 and 
discharges the lubricating oil to the drive chamber 7 via the discharge hole 33. By 
actively performing such intermittent discharging of the lubricating oil to the drive 
chamber 7, the sliding surface between the swash plate 11 and the shoe 14 inside the 
drive chamber 7 can be lubricated. Moreover, because the groove 32 is designed to 
intermittently communicate with the drive chamber 7, the amount of lubricating oil to be 
discharged by the groove 32 can be appropriately adjusted based on the size of the groove 
32. Furthermore, because the oil supply hole 29 is never directly connected to the 
discharge hole 33, sudden refrigerant entry can be reliably prevented even when the 
pressure difference between the drive chamber 7 and the discharge chamber 4 is large. 

Thus, the present embodiment can prevent clogging of the oil supply hole 29 by 
avoiding the stagnation of foreign substances, and can prevent performance degradation 
caused by leakage of the discharged refrigerant by reducing leakage of the discharged 
refrigerant. Note that if the oil supply hole 29 is large, the boring process can be easily 
performed. 

The present invention becomes more effective when applied to a compressor that 
uses carbon dioxide (C0 2 ) as the refrigerant and that reaches an extremely high pressure. 

In the present embodiment, the lubricating oil supplied from the oil supply hole 
29 is supplied to the radial bearing 10 via the gap between the rotating member 30 and 
the circular hole 31, and therefore, it is possible to adjust the volume of oil to be supplied 
to the radial bearing 10 based on the gap, leaving more freedom for setting the diameter 
of the oil supply hole 29. 
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Next, another embodiment of the present invention will be explained based on 
FIG. 4 through FIG. 6. As shown in the figures, the inlet of the oil supply hole 29 
provided in the cylinder block 1 opens to the bottom of the oil separator 23 while an 
outlet 29a opens to the internal surface of the cylinder bore 12. 

Further, a lubricating oil transport groove (or a concave area) 34, which can 
alternately communicate with the outlet 29a of the oil supply hole 29 and the drive 
chamber 7 during the reciprocating movements of the piston 13, is defined on the 
external surface of the piston 13. That is, the groove 34 comprises a lubricating oil 
transport area for intermittently transporting the lubricating oil supplied from the oil 
supply hole 29 to the drive chamber 7, which is at a lower pressure. 

The groove 34 is positioned such that it crosses or matches the outlet 29a of the 
oil supply hole 29 when the piston 13 moves toward the top dead center (during a 
compression and discharge stroke) and such that the groove 34 extends outside of the 
cylinder bore 12 and communicates with the drive chamber 7 when the piston 13 is 
positioned at the bottom dead center (at the end of an suction stroke). 

Therefore, the lubricating oil that has been separated from the discharged 
refrigerant by the oil separator 23 is supplied via the oil supply hole 29 to and lubricates 
the sliding surface between the piston 13 and the cylinder bore 12. In this case, the 
lubricating oil that has been supplied from the oil supply hole 29 flows into the groove 34 
when the groove 34 communicates with the outlet 29a of the oil supply hole 29 during the 
transition of the piston 13 toward the top dead center, and is discharged to drive the 
chamber 7 and lubricates the sliding surface between the swash plate 11 and the shoe 14 
when the groove 34 communicates with the drive chamber 7 when the piston 13 moves to 
the bottom dead center. 
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That is, according to the present embodiment, for each reciprocating movement of 
the piston 13, the lubricating oil that is supplied from the oil supply hole 29 can be 
intermittently discharged to drive the chamber 7 by actively transporting the lubricating 
oil to drive the chamber 7. Therefore, according to the present embodiment, as in the 
embodiment described above, the stagnation of foreign substances inside the oil supply 
hole 29 can be avoided, thereby preventing clogging, and at the same time, performance 
degradation due to refrigerant leakage can be avoided by reducing the leakage of the 
discharged refrigerant, and the boring process can be simplified by setting the diameter of 
oil supply hole 29 to be large. 

Note that the present invention is not limited to the above embodiments, and may 
be modified as needed as long as such modifications do not deviate from the essential 
nature of the invention. 

For example, although the single groove 32 for transporting lubricating oil was 
provided on the external surface of the rotating member 30, two or three grooves 32 may 
also be used. It is also acceptable to form the rotating member 30 integrally with the 
drive shaft 8. 

Further, although the groove 34 that has a predetermined size for transporting 
lubricating oil was provided in the area in the external surface of the piston 13 that faces 
the outlet 29a of the oil supply hole 29, the groove 34 may also be formed in a ring shape 
around the entire perimeter of the external surface. 

Also, although the destination of the lubricating oil to be intermittently 
transported was the drive chamber 7, it is acceptable to provide an oil collection chamber 
separately from the drive chamber 7 and to transport the lubricating oil there. The key is 
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that any chamber is acceptable as long as its pressure is lower than the discharge side and 
it can store the lubricating oil. 

Furthermore, the present invention can naturally be applied to other compressors 
in addition to the swash plate types shown in the figures, and the oil separator 23 also 
need not be limited to the centrifugal type shown in the figures, and other types may be 
used without any problems. 

Industrial Applicability 

As explained in detail above, the present invention can, in a compressor, prevent 
clogging of the lubricant oil supply hole by foreign substances, such as sludge, and can 
avoid performance degradation due to the leakage of the discharged refrigerant. 
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